COVID-19 has been linked to coagulopathy and also thrombotic risk \[[@bb0005], [@bb0010], [@bb0015], [@bb0020]\]. There have been 3 significant studies published of patients admitted to intensive care units (ICU) with COVID-19. Klok et al., described a cohort of 184 patients from 3 ICU departments in the Netherlands with COVID-19 and found a cumulative incidence of 31% for thrombotic complications including 25 pulmonary emboli (PE), 1 deep vein thrombosis (DVT), 2 catheter related thromboses and 3 arterial thromboses \[[@bb0025]\]. All patients in that study received thromboprophylaxis with low molecular weight heparin. Cui et al. described a cohort of patients in a single centre ICU in China, of which 20/81 (25%) developed a venous thromboembolism (VTE), however none received chemical thromboprophylaxis \[[@bb0030]\]. A third study, which was a French multicentre ICU study of 150 COVID-19 patients, demonstrated a 43% prevalence of thrombosis, that occurred despite prophylactic or therapeutic anticoagulation \[[@bb0035]\].

We describe the results of an observational study examining the thrombotic complications of patients admitted with COVID-19 to Addenbrooke\'s Hospital ICU, a tertiary centre in Cambridge, United Kingdom. This study had full approval from the Trust research and development department. Patient consent was not required for this observational study. The composite endpoint was PE, DVT (including line associated) and arterial thrombosis (myocardial infarction, stroke, or peripheral artery embolism). The index date was date of ICU admission and the censor date was the 14.4.20, discharge from hospital, death, transfer to Royal Papworth Hospital (which runs the regional ECMO service) or thrombosis; whatever was soonest. Patients were investigated for PE based on clinical suspicion (*e.g.* unexplained hypotension or hypoxia felt disproportionate to the pneumonia) with CT pulmonary angiogram (CTPA), line associated thrombosis due to local symptoms and arterial ischaemia based on clinical symptoms or troponin and electrocardiogram abnormalities suggestive of myocardial ischaemia. Only patients with radiologically confirmed thrombosis have been included (in the case of myocardial infarction by coronary angiography).

In total 63 patients with COVID-19 confirmed by nasopharyngeal swabs and polymerase chain reaction were included; this is all COVID-19 cases at our centre that have been admitted to the ICU from 15.3.2020. The medical notes (Epic, WI, USA) were interrogated and statistical analysis was performed using Microsoft Excel 2010 (Microsoft, Redmond, WA, USA) and R programme (version 3.3.3, R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria). Patient characteristics are presented in [Table 1](#t0005){ref-type="table"} . The median number of days observation was 8 (range 1--28). As of the censor date 10 (16%) patients died, 5 (8%) patients transferred to Royal Papworth Hospital, 28 (44%) of the patients were still in the hospital\'s ICU and 20 (32%) had either been discharged or remained in hospital in medical wards. 4 (6%) patients were transfers from district general hospital ICU\'s. All patients had VTE risk assessment using the Department of Health Tool, per the guidance from the National Institute for Health and Care Excellence Guideline NG89, and prescription of prophylactic dalteparin adjusted for weight and renal function ([Table 2](#t0010){ref-type="table"} ) \[[@bb0040]\]. Patients on haemofiltration receive unfractionated heparin in the dialysis circuit and also prophylactic dalteparin, and if the filtration circuit thromboses then systemic unfractionated heparin can be used at the clinician\'s discretion, and we have observed this to be an ongoing problem.Table 1Clinical characteristics of patients within the study. Abbreviations: CTPA -- computer tomography pulmonary angiogram, ICU -- intensive care unit, SD -- standard deviation.Table 1Gender (%)\
Male\
Female\
Total\
44 (69)\
19 (31)\
63 (100)Age, years (%)\
20--29\
30--39\
40--49\
50--59\
60--69\
70--79\
80--89\
1 (2)\
3 (5)\
8 (13)\
18 (29)\
14 (22)\
17 (27)\
2 (3)Weight, kilograms (%)\
50--99\
100--139\
140--179\
51 (81)\
10 (16)\
2 (3)Number of patients intubated (%)52 (83)Number of patients where haemofiltration used (%)23 (37)Number of investigations for venous\
thromboembolism\
Lower limb ultrasound dopplers\
CTPA\
\
0 (0)\
11(17)Number of patients that had a central venous\
catheter or peripherally inserted venous catheter in the study (%)51 (81)Number of patients usually on antiplatelets or\
anticoagulation (%)\
Antiplatelets\
Anticoagulation\
\
8 (13)\
1 (2)Number of patients with active cancer (%)1 (2)Number of patients with previous history of venous thromboembolism (%)1 (2)Median D-dimer (ng/ml) on admission to ICU (range) (n=38)394 (range 122--3627)Table 2Local dose strategy for prophylactic dalteparin.Table 2Body weight (kg)Dalteparin\
CrCl \<20 ml/minDalteparin\
CrCl \>20 ml/min30--392000 units daily2500 units daily40--492500 units daily2500 units daily50--992500 units daily5000 units daily100--1395000 units daily7500 units daily140--1795000 units daily5000 units twice daily\>180 kgHaematology adviceHaematology advice

One patient was treated for PE empirically, that has not been radiologically confirmed, with therapeutic low molecular weight heparin and has not been included in the cumulative incidence analysis. In total 5 patients had PE (one of which required thrombolysis with alteplase for haemodynamic instability), 2 had myocardial infarction and 1 had a line associated thrombosis in a jugular vein. The cumulative incidence estimate of VTE was 27% (95% confidence interval 10--47%), arterial thrombosis 4% (95% CI 1--12%) and composite outcome 29% (95% CI 12--49%) with the later shown in [Fig. 1](#f0005){ref-type="fig"} .Fig. 1Cumulative incidence of the composite outcome (solid line) with 95% confidence interval (dashed lines).Fig. 1

Of the 11 patients that had CTPA, no patient had a repeat study; therefore 5 were positive for PE. Of the PE, 1 was sub-segmental, 2 segmental, 1 multiple segmental and 1 was in a main pulmonary artery. None of the patients that developed thrombosis had a history of either active cancer or VTE.

There are limitations to our study. It is a single-centre retrospective study, reflecting local practices, and investigation of patients was only performed when there was clinical suspicion of thrombosis rather than with any surveillance scanning of the lower limbs and not all patients had systematic examination for evidence of lower limb or line associated DVT daily. Patients on haemofiltration receive unfractionated heparin in the dialysis circuit and also prophylactic dalteparin. It was noted that due to the haemofiltration circuit blocking some patients did receive intravenous heparin but we did not systematically record that data. One patient was treated for PE empirically with therapeutic low molecular weight heparin that has not been confirmed radiologically and has not been included in the cumulative incidence analysis. Of the 10 patients that died one had a confirmed PE and one had a negative CTPA; in the other eight it is unknown if PE was present. We are likely to have underestimated the thrombosis rates as patients are not systematically imaged and autopsies would be required to gather rates of PE in deceased patients who have not had imaging.

We conclude that there is concern about thrombotic risk in patients with COVID-19 however this has to be compared to the 10--30% rate of VTE seen in critically ill patients with other conditions \[[@bb0045]\]. There is concern about microvascular thrombosis in COVID-19 and whether anticoagulation would be of benefit if intensified \[[@bb0025],[@bb0050]\]. We would welcome trials to determine whether escalated doses of anticoagulation would be of benefit inpatients with COVID-19. In light of our findings the ICU at our hospital is switching to twice daily prophylactic dalteparin.
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